The radiation-induced decoloration of bromphenol blue, crystal violet and eosin Y in dilute aqueous solution was studied with and without the addition of second solutes. These compounds are thiourea, benzoic acid and its derivatives with gradually changing structure.
CV (Merk reagent grade) was used as received.
Benzoic acid, its derivatives with gradually changing struc ture, aniline, nitrobenzene and thiourea were used as second solutes. Aniline and nitrobenzene were purified by repeated fractional distillation.
Other compounds of reagent grade were used without further purification.
Stock solutions for dyestuff and second solutes were usually prepared at con centrations of about 1 x 10-3M. Triple distilled water from alkaline permanganate solution was used to prepare all solutions.
The initial concentration of dyestuff was 1 x 10-5M, while that of the second solute was varied by a factor of at least 10 in the range up to 1X10-4M. No adjustment of pH of the solution was made, however it was found nearly 5 in most experiments.
All solutions were irradiated at 17°C with 60Co gamma rays under equilibrium with air. Dosimetry was made by Fricke solution and dose absorbed by solution was calculated after correcting for the difference in electron density of the solutions.
The dose rate for all irradiations was 2.52x1016 ev ml-1 min-1. The concentration of dyestuff remaining in solution after irradiation was deter mined by using spectrophotometer.
For the convenience of accurate measurement in case of BPB, the pH of the solution was made 10 by adding small amount of sodium carbonate solution.
Wave length of maximum absorption and molar absor bance of dyestuffs are shown in Table 1 . Fig. 1 . This is quite similar to radiation induced deactivation of some enzymes'), vitamin C2) and decoloration of some other dyestuffs such as chlorophenol red') and erioglaucin4>.
As was pointed out by Schuler3) and Kalkwarf4>, these behaviors of dyestuffs in dilute aqueous solution can be explained in terms of competition reaction between dyestuff and its successive oxidation products for the same radicals produced from water.
The species which are expected to react most likely with dyestuff are hydroxy and hydroperoxy radicals, because dyestuff reacts with neither molecular hydrogen nor hydrogen peroxide at the concentration of these compounds formed during irradiation.
The reactions of dyestuff with hydrogen atom and solvated electron are also unimportant because of their fast reaction with oxygen, to form hydroperoxy radicals. On this basis following simple mechanism can be written as H20-t\At-R (OH. HO2)
R+Dy k-Dy' (1) R+Dy'-h Dye.
In this set of equations Dy is meant to represent dyestuff, Dy' and Dy", successive oxidation products from Dy. Since Dy and Dy' are sufficiently similar in their chemical property, the rate constants k in reaction (1) and (2) are approx imately equal.
And an assumption is also made that reaction (1) and (2) are bimolecular.
Under steady state condition, the rate of change in dyestuff concen tration can be written as
(Dy)o where GR is G-value for the production of the free radicals in water, I, dose rate and (Dy)0, the initial concentration of dyestuff. The experession (3) should give a exponential decrease in dyestuff concentration with dose as observed in Fig. 1 .
Since the 37% dose (D37), represents by definition a dose required to reduce the concentration of dyestuff to 0.37=e-1 of its original value, equation (3) may be put in the form, Fig. 2 , the 37% dose for dyestuffs obtained from the results shown in Fig. 1 indicates a linear increase with initial concentration of dyestuff as is predicted by equation (4) .
Observed value in GR given by slope of the line in Fig. 2 is about 0.50 for EOS and 0.71 for CV and BPB, which appear to be very low as compared with the free radical yield (ca 5.5) in water.
This indicates that only a small fraction of radicals which are produced initially can react with dyestuff to decolorize and others appear to give some change which affects very little in optical absorption of dyestuff. R+P -k p P'
R+P' p> P" (4) Where P is the protective substance, P' and P" successive oxidation products from P, and kp and kp, the rate constants of reaction (3) and (4) , respectively.
Assuming approximate equality of reaction rate of free radicals with protective substance and its successive oxidation products and also the stationary condition with radicals in presence of protective substance the change in dyestuff concentra tion is written as Table   2 .
Protection quotient
The protection quotient Q as defined by Dale') and Kalkwarf4) which represents the protection afforded to several enzymes is expressed as
It is quite apparent that protection quotient thus defined is equal to the ratio of relative rate constant of free radicals with protective substance and dyestuff, this ratio being a characteristic constant independent of its concentration and affording a convenient method for comparison of its reactivity toward free radicals relative to dyestuff.
In Table 2 where p, reaction constant, is a constant for all substituents depending only on the reaction series and substitution constant is determined by the nature of the substituent and independent of the reaction. ko and k are rate constant in any reaction in which benzoic acid and its derivatives are parti cipating.
Since (k/ko) in (8) can be taken as (Q/Qo) in Table 2 in the present experi ment, the equation (8) identifies log (k/ko) as a linear function of as shown in Fig. 6 . This provides the posibility to find relative protection quotient of any benzoic acid derivatives.
From the slope of the line, -0.35 is given as reaction constant which indicates the reaction of free radicals with protective substance to be electrophilic because of its negative value.
